[1] On the basis of the correlation between the solar wind and radiation belt electron fluxes, we develop a model to simulate the MeV electron phase space density variations from L = 3 to L = 8 by extending the Li et al. (2001) radial diffusion model for geosynchronous electrons. We add L dependence to the Li et al. model and allow for comparison with measurements at more than one L shell while retaining a similar form of their diffusion coefficient. The extended model achieves a prediction efficiency (PE) of 0.61 at L = 4 and 0.52 at L = 6 when the phase space density is converted to differential flux and compared with orbitaveraged Polar 2 MeV measurements at L = 4 and daily averaged LANL 0.7--1.8 MeV geosynchronous measurements for the year 1998. These results indicate that radial diffusion plays a strong role in the enhancement of radiation belt electrons yet leaves a significant portion of the variance unaccounted for. We have also tuned parameters to model the electron fluxes during four individual geomagnetic storms during 1998 and found that the parameter values must differ from those of the long term and from each other to achieve the best PE. This suggests that the different solar wind drivers have varying degrees of influence on the MeV electron variations during different magnetic storms. This model can be used to forecast the MeV electron variations inside geosynchronous orbit with a reasonably good PE on the basis of real-time solar wind measurements only.
Introduction
[2] The MeV electrons in the outer radiation belt have been objects of study for scientists ever since their discovery at the beginning of the space age. Recently, these high-energy electrons have become increasingly important because of the potential radiation damage to spacecraft [Gussenhoven et al., 1987; Baker et al., 1996; Fennell et al., 2001] and astronauts. To mitigate these hazards, a real-time prediction model could give operators time to put their spacecraft in to a safer, low-power mode, and astronauts could retreat to a well-shielded area. Currently, it is not well understood how the electrons are accelerated to relativistic energies, and this lack of understanding impedes their prediction to a desirable accuracy (e.g., >80%). By better understanding the electron acceleration, we should be better able to predict them.
[3] The major processes believed to play a role in the electron energization are: radial diffusion [Fä lthammar, 1965; Schulz and Lanzerotti, 1974; Selesnick et al., 1997; Brautigam and Albert, 2000; Hilmer et al., 2000] , rapid transport due to interplanetary shock-induced electric fields [Blake et al., 1992; Li et al., 1993] , and local heating via wave-particle interactions [Temerin et al., 1994; Horne and Thorne, 1998; Summers et al., 1998; Meredith et al., 2001 Meredith et al., , 2002 Albert, 2002] . These mechanisms are not mutually exclusive, and most likely each of them operates during certain levels of geomagnetic activity and in certain regions of the magnetosphere.
[4] In this study, we focus on the contribution of radial diffusion to accelerating relativistic electrons. Radial diffusion, like all diffusion processes, requires a gradient in at least one quantity and multiple perturbations of the particles. In the case of radial diffusion, there is a radial gradient in phase space density, and the perturbations are electric and magnetic field fluctuations with frequencies near the electrons' drift frequencies. The field perturbations accelerate the electrons through resonant interaction with their azimuthal drift motion [e.g., Schulz and Lanzerotti, 1974; Elkington et al., 2003] . The rate of change in phase space density due to diffusion and SPACE WEATHER, VOL. 3, S10003, doi:10.1029 /2004SW000118, 2005 Copyright 2005 by the American Geophysical Union 1 of 11 S10003 losses, such as pitch angle diffusion, is described by Schulz and Lanzerotti [1974] 
where f is phase space density, t is the electron lifetime, and D LL is the diffusion coefficient which determines the rate of diffusion. The quantity L represents radial distance in the equatorial plane of a dipole field and is given by L = 2pM/(FR E ) where M is the Earth's magnetic dipole moment, F is the third adiabatic invariant, and R E is the radius of the Earth [Roederer, 1970] . While phase space density is the preferred quantity in theoretical work, flux is the quantity measured by satellites. To convert between the two, the following relation is used:
where j is differential flux and p is the relativistic momentum.
[5] The radiation belt electron behavior is of particular interest during periods of high solar wind speed, often associated with increased geomagnetic activity, because electron flux is known to enhance during these periods [e.g., Paulikas and Blake, 1979] . Also correlated with solar wind speed is ULF (ultralow frequency) wave power [Vennerstrom, 1999] . ULF waves, with frequencies around 1 MHz, overlap the frequency range of the drift motion of MeV electrons, and are believed to be associated with radial diffusion. The increased ULF wave power should correspond to an increase in D LL , resulting in faster diffusion during magnetic storms.
[6] The goal of this work is to first develop a radial diffusion model which uses solar wind measurements as input to predict the relativistic electron fluxes at multiple L shells. This model can provide satellite operators with advance warning of about 1 --2 days at geosynchronous orbit and 3 --4 days at L = 4 before electron enhancements, as well as help us to determine how well radial diffusion can describe the radiation belt electron flux variations. We also use the model to understand how the drivers of radial diffusion change during different magnetic storms.
Previous Work
[7] There have been previous attempts to model the radiation belt electron flux using radial diffusion. A few of these studies are described below.
2.1. Selesnick et al. [1997] [8] During the middle of 1996, there was an approximately 3 month period in which the high-energy electron flux was characterized by inward diffusion and decay. Selesnick et al. [1997] used radial diffusion with loss, but no sources to model the electrons in the L range of 3 to 6. They solved equation (1) by assuming the diffusion coefficient and electron lifetime to be given by D LL = D 0 (L/4) n and t = t 0 (4/L) m , respectively. The parameters values were found using a least squares fit to Polar electron flux measurements converted to phase space density. Those values are D 0 = (2.1 ± 0.2) Â 10 À3 d À1 , n = 11.7 ± 1.3, t 0 À1 = (5.0 ± 0.1) Â 10 À2 d À1 , and m = 7.6 ± 0.4. This model was able to reproduce the phase space density for electrons with a first adiabatic invariant of 6000 MeV/G, but the electrons with m = 1000 MeV/G required a source at L > 6.
Brautigam and Albert [2000]
[9] Brautigam and Albert [2000] used radial diffusion to model the electron fluxes during the 9 October 1990 magnetic storm over the ranges of L = 3 --6 and m = 20--1250 MeV/G. They solved equation (1) by making the diffusion coefficient a function of Kp as well as L. Their equations for the magnetic and electric diffusion coefficients, respectively, are
with
where w D is the electron drift frequency, E rms is the root mean square of the electric field amplitude, T is the exponential decay time, B 0 is the Earth's dipole moment, and E 0 is the electron rest energy. The authors converted phase space density to flux using equation (2) and were able to fairly well reproduce CRRES data for m 314 MeV/G, but found that the model did poorly compared with data for m 700 MeV/G since the phase space density from CRRES was consistent with a local source inside L = 4.5.
Li et al. [2001]
[10] Li et al. 
where C is a constant that adjusts the diffusion rate, v is solar wind speed and v 0 is its average for the years 1995 --1996, a is a tunable parameter, and b is the average of (Dv 2 /Dt) 2 for 1995 --1996. The g parameters determine the contribution of the three terms, which represent different ways energy can be transferred into the magnetosphere.
The first term is a function of solar wind speed, whose energy can be transferred through the Kelvin-Helmholtz instability. The second term is a function of the convection electric field produced by the x component of the solar wind speed, v x , and the z component of the magnetic field, b z ; this term will be unity for northward IMF (interplanetary magnetic field), and represents the transfer due to dayside reconnection. The third term is a function of solar wind speed fluctuations, which can induce waves through direct perturbation of the magnetosphere. The phase space densities of the model's inner and outer boundaries, set at L = 4.5 and L = 11, respectively, are kept constant, with the phase space density at the outer boundary set to 10 4 times that of the inner boundary (on the basis of Wind electron measurements during the perigee passes of August and September 1996).
[11] After calculation using the diffusion equation, the phase space density is adjusted/textitad hoc to take into account the adiabatic response of the radiation belts to Dst and the effect of solar wind dynamic pressure. When the ring current is enhanced, the total magnetic field inside the drift orbit of a trapped particle decreases. Therefore the particle moves outward to conserve its third adiabatic invariant. The steep negative slope of the particle energy spectrum as well as a possible outward pointing phase space density gradient will cause a detector at a fixed location to observe a decrease in particle flux at a particular energy. This occurrence, known as the Dst effect [Li et al., 1997] , is implemented by adjusting f using
where Dst n determines the magnitude of the correction. If the data were given at constant values of the three adiabatic invariants, then according to Liouville's theorem, phase space density would be conserved and the above correction would be unnecessary. Since the LANL data are taken at a constant energy and radial distance instead, electrons from different m and L values (the dayside magnetosphere is compressed and the nightside is stretched) are measured, and the correction is required if the prediction is to compare well with the data. The dynamic pressure effect is implemented using
where p is dynamic pressure and p n determines the magnitude of the correction. The explanation for implementing the dynamic pressure effect in this way is that an increase in dynamic pressure will cause increased loss due to magnetopause shadowing.
[12] The phase space density of the model output can be converted to differential flux using equation (2). The modeled flux is compared to measured flux after multiplying the prediction by a vertical scaling factor which minimizes the mean square residual and maximizes the prediction efficiency, defined as
where the residual is the difference between the data and the prediction; m i and p i are the measurements and model results, respectively; and m is the mean of all m i . A prediction efficiency (PE) of zero means that the prediction is as good as saying that the value in the future will be the average value. A positive PE means that the prediction is better than predicting the average. The model parameters were tuned to achieve a PE of the logarithm of electron flux of 0.81 and a linear correlation (LC) of 0.90 for the years 1995 --1996 on the basis of a comparison with daily averaged LANL geosynchronous 0.7--1.8 MeV electron data. Figure 1 illustrates the predictive capabilities of this model as well as the correlation of electron flux with solar wind speed. Li et al. [2001] were also able to reproduce some of the physical characteristics of the radiation belts and offer explanations using radial diffusion. The characteristics include the 1--2 day delay between changes in solar wind velocity and changes in electron flux, the better correlation of flux with solar wind velocity than interplanetary magnetic field direction, and the large change in electron flux for a relatively small change in solar wind speed. These results demonstrate that the correlation between solar wind conditions and relativistic electron flux at geosynchronous orbit can be well described using radial diffusion. Li et al. [2001] 3.1. Motivation for Extension [13] We extend the Li et al. [2001] model because it provides a more realistic parameterization of the diffusion coefficient than other previous work. The constant diffusion coefficient used by Selesnick et al. [1997] worked well for the time period they investigated, but would not be effective for more geomagnetically active periods. The D LL used by Brautigam and Albert [2000] is time-dependent because of its dependence on Kp. However, since Kp is a result of geomagnetic activity (as are the radiation belt electron variations) rather than a cause, a diffusion coefficient parameterized by the Kp index cannot identify the driver of the variations. In addition, Kp is not as well correlated with electron flux as solar wind parameters (such as speed) are. Figure 2 demonstrates this fact.
Extension of
[14] The Li [2004] model was designed to simulate geosynchronous electrons, which it does well. However, as shown in Figure 1 , it was necessary to run the model at L % 5 in order to achieve a decent reproduction of the Polar electron flux at L = 4. This indicates that the modeled electrons are diffusing too slowly since by the time they have reached L % 5, they look like the measured electrons at L = 4. Therefore significant changes need to be made if a single model is to be used to predict MeV electron flux throughout the outer radiation belt zone.
L Dependence of the Diffusion Coefficient
[15] As was described above, the electrons modeled by Li et al. [2001] diffuse too slowly inside geosynchronous orbit. However, if the L dependence inside geosynchro- nous orbit is less steep, then the rate of diffusion would increase for L < 6, improving the prediction at L = 4.
[16] Theoretically, the L dependence of the diffusion coefficient should differ depending on the type of field fluctuation. If the diffusion is driven by fluctuations in the electric potential field, then the diffusion coefficient has a L 6 dependence; if driven by magnetic field fluctuations, then the dependence is L 10 [see, e.g., Fä lthammar, 1965; Schulz and Lanzerotti, 1974] . In the outer magnetosphere, the magnetic field due to the Earth's internal field is weak, and therefore the total magnetic field in that region is very susceptible to external fluctuations, such as solar wind dynamic pressure variations. However, close to the Earth, the internal magnetic field dominates, reducing the impact of external magnetic perturbations. In addition, Rowland and Wygant [1998] show that the electric field magnitude varies with radial distance from the Earth, and that the magnitude has been observed to increase with decreasing radial distance during periods of strong magnetic activity. We vary the exponent in D LL as a power law from 10 at L = 6 to 6 at L = 4, and keep the exponent constant outside of that range. An example of what our diffusion coefficient looks like is shown in Figure 3 , along with D LL M from Brautigam and Albert [2000] at Kp = 2 and 3 and D LL from Selesnick et al. [1997] . The diffusion coefficient plotted from our model is averaged over all of 1998.
Boundary Conditions
[17] The outer boundary of the extended model is moved from L = 11 in the Li et al. model to L = 8 and the source at that boundary is made a function of solar wind parameters. This is done by using the form of equation (3), a general function of solar wind, but with the constant C in phase space density units rather than the inverse days of the diffusion coefficient. The source parameters were determined by maximizing the PE at L = 6 for all of 1998. The resulting parameter values were then used to model all time periods. When compared to Polar measurements at L = 8 converted to phase space density, the source phase space density is typically about an order of magnitude larger than the measurements. However, Polar was farther away from the equator at larger L, and could only measure electrons at small equatorial pitch angles. Therefore the electrons sampled are very different than those we have modeled, limiting the validity of the electron measurements in our case.
[18] The inner boundary is moved from L = 4.5 to L = 3 to allow for prediction at lower L shells. The value at the inner boundary is constant and set to always be less than the phase space density at L = 4, which reflects the nominal state of the radiation belts and ensures inward radial diffusion. The model results are fairly insensitive to the exact value at the inner boundary: changing the phase space density at the inner boundary by a factor of 10 up or down results in a <0.6% change in PE with all other parameters kept the same. All predictions were made using the same value at the lower boundary. That value is approximately the average of the limited Polar measurements at L = 3 converted to phase space density. Thus the discrepancy at the outer boundary makes the modeled phase space density gradient larger than the gradient as measured by Polar.
Other Changes
[19] The Li et al. [2001] implementation of the dynamic pressure effect, which was interpreted in section 2 as increased magnetopause shadowing during periods of increased dynamic pressure, should have a larger effect on the prediction at L = 6 than at L = 4 since the outer electrons are closer to the magnetopause and more likely to be lost through it. Thus we vary the parameter p n as a function of L accordingly. For simplicity, the function is linear in L. We retain the adjustment due to the Dst effect from the Li et al. model at all L even though the Polar data is at a specified L shell. This is because the data is at a constant energy, and the flux will therefore be affected by the adiabatic response to the Dst. Another small modification includes setting a, the free parameter in equation (3), to be the average of v x b z + jv x b z j for the years 1995 --1996. This modification removes the unphysical adjustment to the v x b z term allowing only the adjustment of the relative impact of the entire term.
[20] In the Li et al. [2001] model, converting from the phase space density calculated by the model to differential flux for comparison with the satellite data required only a constant factor, which was absorbed in the scaling to minimize the mean square residual. In the extended model, predictions are made at more than one L shell. Since the energies are different at the different L, the conversion factors are also different, requiring that the phase space density from the model be explicitly converted to flux before comparison with data.
[21] The phase space density of the model is converted to flux using equation (2), where the momentum is determined by the energy of the electrons as follows: The measured fluxes used to compare with model results at L = 4 have an energy of 2 MeV. That energy is used to find p 2 to convert to flux at L = 4. Assuming a dipole field, these electrons have a magnetic moment of 1220 MeV/G. An electron with the same m value at L = 6 would have an energy of 0.92 MeV, which is the value used in the conversion to flux. However, the 0.7 --1.8 MeV LANL energy channel used to compare with the model results at L = 6 has an equivalent energy of 1.1 MeV. This value was determined by calculating the single energy which gives the same flux as measured in the energy range on the basis of the average energy spectrum. The spectrum was found using an exponential fit (giving an e-folding energy of 0.41 MeV) to the flux measurements in the 0.7 --1.8, 1.8 --3.5, and 3.5 --6.0 MeV LANL energy channels averaged over the year of 1998. The e-folding energy found above was used to adjust the 0.92 MeV modeled flux to compare with the 1.1 MeV measured flux at L = 6.
Data
[22] The solar wind data used as inputs to the model were measured by the Wind [Acuna et al., 1995] and ACE [Stone et al., 1998 ] spacecraft. To test the accuracy of the model, we compare with orbit-averaged differential electron flux measurements from the HIST instrument on the Polar satellite [Blake et al., 1995; Selesnick et al., 1997] at L = 4 and daily averaged fluxes from the Los Alamos National Laboratory (LANL) satellites at geosynchronous orbit [Belian et al., 1992] .
Results and Discussion
[23] We used the extended model to make predictions at L = 4 and L = 6 for all of 1998, and for four individual magnetic storms during that year. These L shells are of particular interest because L = 4 is the nominal peak of intensity for the relativistic electron flux and L = 6 is approximately the average L shell at geosynchronous orbit. Because of the well-known delay between solar wind speed enhancement and enhancement of the high-energy electrons [e.g., Paulikas and Blake, 1979] , our model makes predictions of the electron flux at these two L shells days in advance. Advanced warning can be 1 --2 days at geosynchronous orbit because of the lag between solar wind speed variations and MeV electron flux. The advanced warning at L = 4 can be as high as approximately 4 days because of the average 2-day additional delay between the peaks in flux at geosynchronous orbit and L = 4.
[24] To make the predictions, the following parameters can be varied: C, g 1 , g 2 , g 3 , t, Dst n , and p n from equations (1), (3), (4), and (5). The parameter values were obtained by maximizing
where PE 4 and PE 6 are the PEs at L = 4 and 6, respectively. This method sacrifices a higher PE at a single L for the best collective PE. Our functional form for the electron lifetime is the same as that of Selesnick et al. [1997] :
. The values of t were limited to 3 days at L = 6 and 29 days at L = 4 to keep the lifetimes from being unrealistically large [Selesnick et al., 1997] . However, the optimum value of m in all time periods except the October 1998 storm was such that t < 29 days at L = 4, though the t = 3 days at L = 6 consistently yielded the best PE T . The parameter values are given in Table 1 for each of the time (1) and (3) Source
periods investigated. Also presented in Table 1 are the PE and LC values, as well as the parameters for the source at L = 8.
Long-Term Prediction
[25] Figure 4 shows the results of the extended model at L = 6 plotted with geosynchronous electrons in the energy range 0.7 --1.8 MeV, and the prediction at L = 4 plotted with 2 MeV electrons at L = 4, for all of 1998. For that time period, the model achieved a PE of 0.52 at L = 6 and 0.61 at L = 4 using the parameters listed in Table 1 . Focusing on the flux measurements (red curves) in the bottom two plots, it is evident that the electron flux varies on very different timescales at the two L shells. Thus the model's ability to fairly well predict the flux at both L shells makes it very likely that radial diffusion plays a strong role in energizing the relativistic electrons in the radiation belt. However, our model is still unable to completely describe the flux variations at both L shells. This indicates that the model either does not sufficiently simulate the radial diffusion in the Earth's magnetosphere or other processes, such as wave-particle interactions, are also acting.
[26] To transport particles inward, radial diffusion requires an outward pointing phase space density gradient. Through the processes of diffusion and loss, this gradient usually exhibits extensive variability, which is demonstrated by the ratio of phase space densities at L = 6 and L = 4 shown in Figure 5 . The ratio is calculated with the flux at L = 4 delayed by 2 days to represent the average time required for electrons at L = 6 to diffuse to L = 4. As can be seen in the bottom plot of Figure 5 , the ratio is less than unity for large portions of 1998. During these times, the phase space density gradient is pointing inward and radial diffusion cannot transport electrons to smaller L. If the phase space density at L = 4 increases while the ratio is <1, then processes other than radial diffusion must be responsible for the flux enhancement. Examples of this situation can be seen in Figure 5 , such as around day 300 indicated by the vertical line. Therefore we find that inward radial diffusion cannot be responsible for all flux enhancements at L = 4, consistent with recent phase space density analyses based on Polar measurements [Selesnick and Blake, 2000; O'Brien et al., 2003; Green and Kivelson, 2004] .
[27] The function for the electron lifetime listed in Table 1 for the long-term model run gives a lifetime of 27 days at L = 4. Recent evidence of multiple electron decay timescales [Fennell et al., 2005] make it uncertain whether this value of the lifetime is physical. To determine the effect of revising t, we explore the dependence of the model results on the value of m in the function for the electron lifetime, keeping t 0 constant. Changing m changes t for all L 6 ¼ 6. We find that for m^4.8 (t^20 days at L = 4) the results show little change, particularly at L = 6. When the L dependence is less steep, the PE at L = 4 drops dramatically. For t % 15 days at L = 4, the PE 4 falls to 0.44, and to 0.04 when t % 10 days at L = 4. This indicates that there is a decay of electrons with a lifetime of^20 days at L = 4 which has a significant effect on the daily averaged electron behavior.
Short-Term Predictions
[28] We investigate four magnetic storms during 1998 to determine how much the parameter values need to change to predict electron fluxes well during magnetic storms, and how those parameters change from storm to storm. The parameters were tuned for the individual storms to produce the best possible PE T s. Ideally, after tuning the model parameters for all of 1998, the same parameter values would produce the best predictions during the magnetic storms. However, the large differences in the final parameter values (see Table 1 ) demonstrate that this is not the case, and we may need to make some of the parameter values functions of time to account for these differences.
[29] Figure 6 shows measurements of the Dst index, IMF B z , solar wind speed, speed fluctuations, electron flux at geosynchronous orbit and L = 4, and flux predictions during the 2 --4 May (above) and 26 June (below) magnetic storms. Figure 7 is the same, but for the 25 September (above) and 19 October (below) storms. As can be seen in Figure 6 and 7, all four storms selected for study have sustained, strongly southward B z . In addition, the May and September storms were also associated with shocked, high-speed solar wind [Russell et al., 2000; Moore et al., 1999] , while the solar wind speed was close to average during the main phases of the other two storms.
[30] The values in Table 1 allow us to discuss the results more quantitatively. With the exception of the May storm, the optimal value of g 1 is much larger than g 2 or g 3 , as it is for the long-term prediction. This suggests that solar wind speed is usually the most important driver of electron flux enhancements. For the May storm, g 1 = g 3 = 0 gives the best PE, suggesting that the IMF B z and dynamic pressure have the largest effect on the electron flux during this storm. The PEs of the different storms could be related to the solar wind profiles. For example, the May and September storms are both associated with high solar wind speed, and have the two highest PE T s of the four storms. However, the parameter values are not correlated with the solar wind measurements. For the May storm, g 2 is comparatively much more significant than for the September storm, which corresponds to the lower minimum B z during the May storm. However, the minimum B z values for the June and October storms are both $À15 nT, but g 2 is a much larger portion of g 1 for the June storm. The PEs of the June and October storms are quite low, suggesting that it is more likely that other acceleration mechanisms play a larger role in the enhancement of the MeV electrons during these storms, whereas radial diffusion seems to be strongly acting during the May and September storms.
[31] As shown in Table 1 , the modeled electron lifetimes also vary significantly over the different time periods. This suggests that the actual electron lifetime changes with magnetic activity and between storms. A variable lifetime can be caused by changes in the effectiveness of a particular loss process or changes in which mechanisms are acting. Losses due to scattering by electromagnetic ion cyclotron waves are more effective at higher plasma densities [Summers and Thorne, 2003] , while microburst losses due to whistler mode chorus waves are more effective at low plasma densities [Thorne et al., 2005] . Therefore a difference in the plasma densities or location of the plasmapause between storms, or between magnetically active and quiet times, could result in very different total electron lifetimes. However, a portion of the variation in lifetime listed in Table 1 is likely an artifact of our constant source parameters, leading to an incorrect elec- tron source population. Inaccurate boundary conditions would also affect the values of the diffusion coefficient, indicating that our parameter values may not reflect the relative impact of the different solar wind drivers. This subject will be further addressed using data-based boundary conditions in a future paper.
Summary
[32] Radial diffusion is one of several means of accelerating radiation belt electrons to their observed relativistic energies, but is sometimes used alone in models attempting to describe the electron flux variations. To account for the marked enhancements of electron flux during storms, the diffusion coefficient controlling the diffusion rate can be made a function of magnetic activity. Magnetic activity is well correlated with solar wind, which Li et al. [2001] used to parameterize their geosynchronous diffusion model. We have extended the Li et al. model to predict the relativistic electron fluxes inside, as well as at, geosynchronous orbit. In this paper, we concentrate on the L shells of 4 and 6. Our model is Figure 6 . Solar wind measurements and predictions with electron flux measurements at L = 6 and L = 4 for the (top) 2 --4 May 1998 and (bottom) 26 June 1998 magnetic storms. able to fairly well reproduce the electron behavior at the two different L shells using the same set of parameters for a 1-year period, suggesting that radial diffusion plays a strong role in energizing the relativistic electrons in the magnetosphere. Since the real-time solar wind data are readily available, this model can be used to provide satellite operators with more than a day of warning of likely enhancement of MeV electrons.
[33] In modeling the storm-time electron fluxes, we found that the diverse nature of magnetic storms requires that we use different parameter values to achieve reasonable predictions. This suggests that our model cannot completely describe the relativistic electron fluxes for all time, and would likely require the inclusion of local heating mechanisms to do so. In addition, the parameter values during storms suggest that the solar wind speed is typically the most important driver of electron flux variations, and that the other solar wind parameters have varying degrees of influence during the different magnetic storms. 
